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1
RISK FACTORS AND PREDICTION OF
MYOCARDIAL INFARCTION

REFERENCE TO RELATED APPLICATIONS

This application claims priority to and the benefit of U.S.
provisional application No. 61/261,155, filed on Nov. 13,
2009, the entire contents of which are hereby incorporated by
reference herein.

BACKGROUND

Myocardial infarction (MI), commonly known as heart
attack, is associated with modifiable risk factors but nonethe-
less remains a leading cause of death and severe disability
worldwide. (Yusuf S, Hawken S, Ounpuu S, et al. Effect of
potentially modifiable risk factors associated with MI in 52
countries (the INTERHEART study): case-control study.
Lancet. 364:937-52 (2004)). Toward prevention, contempo-
rary American and European guidelines recommend an inte-
grated two-step approach in which risk assessment (predic-
tion) is followed by individualized risk reduction (therapy), if
needed; the higher the risk, the more aggressive the pre-
scribed preventive care. (Third Report of the National Cho-
lesterol Education Program (NCEP) Expert Panel on Detec-
tion, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel 1I1) final report. Circulation
106:3143-421 (2002); European guidelines on cardiovascu-
lar disease prevention in clinical practice: executive sum-
mary. Eur. Heart J. 28:2375-414 (2007)).

Risk assessment in primary prevention of MI has not
changed dramatically in the last 40 years. It remains based
upon the risk factor concept introduced by the Framingham
Heart Study in the 1960’s. (Kannel W B, Dawber T R, Kagan
A, Revotskie N, Stokes J, 3rd. Factors of risk in the develop-
ment of coronary heart disease—six year follow-up experi-
ence. The Framingham Study. Ann. Intern. Med. 55:33-50
(1961)). Because individual risk factors such as plasma cho-
lesterol and blood pressure have low independent predictive
ability (Ware J H. The limitations of risk factors as prognostic
tools. N. Engl. J. Med. 355:2615-7 (2006)), they have been
combined to generate global risk assessment measures such
as the Framingham Risk Score (FRS) and the European
SCORE (Systematic Coronary Risk Evaluation). (Third
Report of the National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults (Adult Treatment
Panel III) final report. Circulation 106:3143-421 (2002);
European guidelines on cardiovascular disease prevention in
clinical practice: executive summary. Eur. Heart J. 28:2375-
414 (2007)).

These multivariable risk prediction models provide esti-
mates of 10-year absolute risk and relative risk. The absolute
risk is used primarily to assess the need for pharmacological
risk reduction, whereas the relative risk is more useful in
identifying younger individuals for lifestyle modification to
reduce their otherwise high lifetime risk.

Although this two-step preventive approach is sound, it is
far from perfect in its present form because established risk
factors have limited predictive power even when combined
(Wald N J, Morris J K, Rish S. The efficacy of combining
several risk factors as a screening test. J. Med. Screen. 12:197-
201 (2005)), and progression of subclinical disease to clinical
MI events still occurs despite initiation of the recommended
“optimal” therapy. (Koenig W. Treating residual cardiovas-
cular risk: will lipoprotein-associated phospholipase A2 inhi-
bition live up to its promise? J. Am. Coll. Cardiol. 51:1642-4
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(2008)). Most MI events occur in individuals classified in
FRS/SCORE low and intermediate risk categories, i.e.,
among misclassified individuals. Further, a substantial
residual risk persists even with the best available medical
therapy. (Koenig W. Treating residual cardiovascular risk:
will lipoprotein-associated phospholipase A2 inhibition live
up to its promise? J. Am. Coll. Cardiol. 51:1642-4 (2008);
Naghavi M, Falk E, Hecht H'S, et al. From vulnerable plaque
to vulnerable patient—Part III: Executive summary of the
Screening for Heart Attack Prevention and Education
(SHAPE) Task Force report. Am. J. Cardiol. 98:2 H-15H
(2006); Laver M S. Primary prevention of atherosclerotic
cardiovascular disease: the high public burden of low indi-
vidual risk. JAMA. 297:1376-8 (2007)).

Thus, there is a need to improve both the detection and the
treatment of individuals at highest risk for a MI event.

SUMMARY

Sets of biomarkers have been discovered that are predictive
of the risk that an individual will experience a M1, or a heart
attack, in the future. In particular, the sets of biomarkers
identified herein provide superior discriminatory power as
compared to traditional clinical risk factors (e.g., age, smok-
ing status, and cholesterol levels), for predicting whether an
individual will experience a MI. More specifically, in various
embodiments of the present teachings, the set of biomarkers
includes carcinoembryonic antigen and beta-2 microglobu-
lin. In certain embodiments, the biomarker set further
includes at least one of N-terminal pro B-type natriuretic
peptide, alpha-1 antitrypsin, and C-reactive protein. In addi-
tion, kits are provided for measuring one or more biomarkers
identified herein to predict the likelihood that an individual
will experience a MI.

Thus, in various embodiments, a method for diagnosing
the risk of a M1 in an individual generally includes measuring
the levels of a set of biomarkers in a sample from an indi-
vidual; calculating a risk score for the individual such as by
weighting the measured levels of the biomarkers; and using
the risk score to identify a likelihood that the individual will
experience a myocardial infarction. The sample can include
blood and the individual can be a human. The methods can
include transmitting, displaying, storing, or printing; or out-
putting to a user interface device, a computer readable storage
medium, a local computer system or a remote computer sys-
tem, information related to the likelihood of myocardial inf-
arction in the individual. Various features and steps of the
methods of the present teachings can be carried out with or
assisted by a suitably programmed computer, specifically
designed and/or structured to do so.

Inthe methods of the present teachings, the levels of biom-
arkers can be determined by a variety of techniques known in
the art, for example, by at least one of an immunoassay, a
colorimetric assay, a turbidimetric assay, and flow cytometry.
Of course the specific technique used will depend, in part, on
the nature of the biomarker to be measured.

In certain embodiments of the present teachings, calculat-
ing a risk score includes transforming logarithmically the
measured levels of the biomarkers to generate a transformed
value for each measured biomarker; multiplying the trans-
formed value of each biomarker by a biomarker constant to
generate a multiplied value for each biomarker; and summing
the multiplied value of each biomarker to generate the risk
score. A risk score can be compared to a standard or reference
risk score. A reference risk score can be a standard or a
threshold.
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The identified biomarkers (i.e., those biomarkers included
in the sets of biomarkers according to the present teachings)
broadly include alkaline phosphatase, alpha-1 antitrypsin,
alpha-fetoprotein, apolipoprotein A1, apolipoprotein B, apo-
lipoprotein E, beta-2 microglobulin, carcinoembryonic anti-
gen, complement component 3, creatinine, fibrinogen,
gamma-glutamyl transpeptidase, C-reactive protein (which
includes high sensitivity C-reactive protein), iron, lympho-
cyte count, neutrophil count, N-terminal pro B-type natri-
uretic peptide (which includes B-type natriuretic peptide),
transferrin saturation, and vascular endothelial growth factor
A. Any combination of two or more of these biomarkers can
be used in accordance with the present teachings. For
example, a biomarker set can comprise at least two, at least
three, at least four, at least five, at least six, at least seven, at
least eight, at least nine, at least ten, at least eleven, at least
twelve, at least thirteen, at least fourteen, at least fifteen, at
least sixteen, at least seventeen, at least eighteen, or at least
nineteen of these biomarkers.

In certain embodiments, the methods use a set of biomar-
kers that includes three biomarkers. Examples of sets of
biomarkers that include three biomarkers are carcinoembry-
onic antigen, beta-2 microglobulin, and alpha-1 antitrypsin;
carcinoembryonic antigen, beta-2 microglobulin, and C-re-
active protein; and carcinoembryonic antigen, beta-2 micro-
globulin, and N-terminal pro B-type natriuretic peptide.

Where the set of biomarkers includes the three biomarkers
carcinoembryonic antigen, beta-2 microglobulin and alpha-1
antitrypsin, various embodiments of the methods of the
present teachings use a set of biomarkers that includes biom-
arkers in addition to those three biomarkers. For example,
certain embodiments use a set of four biomarkers that further
includes N-terminal pro B-type natriuretic peptide; some
embodiments use a set of five biomarkers that further includes
apolipoprotein Al and apolipoprotein B; particular embodi-
ments use a set of seven biomarkers that further includes
apolipoprotein A1, apolipoprotein B, alpha-fetoprotein, and
transferrin; and various embodiments use a set of eight biom-
arkers that further includes apolipoprotein A1, apolipoprotein
B, alpha-fetoprotein, transferrin, and vascular endothelial
growth factor A.

Where the set of biomarkers includes the three biomarkers
carcinoembryonic antigen, beta-2 microglobulin, and C-re-
active protein, various embodiments of the methods of the
present teachings use a set of six biomarkers that further
includes apolipoprotein Al, apolipoprotein B, and N-termi-
nal pro B-type natriuretic peptide, in addition to the three
listed directly above.

In particular embodiments, the methods use a set of biom-
arkers that includes seven biomarkers, i.e., alpha-1 antit-
rypsin, C-reactive protein, apolipoprotein A1, apolipoprotein
B, creatinine, alkaline phosphatase, and transferrin satura-
tion. Relatedly, various embodiments of the methods of the
present teachings use a set of 13 biomarkers that further
includes apolipoprotein E, fibrinogen, gamma glutamyl
transpeptidase, complement C3, neutrophil count, and lym-
phocyte count, in addition to the seven listed directly above.

In another aspect, kits are provided for diagnosing the risk
of'a Ml in an individual. The kit can include a set of reagents
that specifically measures the levels of a set of biomarkers in
a sample from an individual, and instructions for using the kit
for diagnosing the risk of myocardial infarction. In some
embodiments, the reagents measure protein levels.

BRIEF DESCRIPTION OF DRAWINGS

The present teachings described herein will be more fully
understood from the following description of various illustra-
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tive embodiments, when read together with the accompany-
ing drawings. It should be understood that the drawings
described below are for illustration purposes only and are not
intended to limit the scope of the present teachings in any
way.

FIG. 1 is a table showing odds ratios of during four-year of
follow-up, according to quintile of baseline levels of putative
biomarker, in accordance with an illustrative embodiment.
Figure legend: *Likelihood-ratio test of statistical model with
variable compared to model without variable. 1The multivari-
able model adjusts for total cholesterol, HDL cholesterol,
triglycerides, hypertension, smoking status, diabetes, famil-
ial history of premature MI, body mass index, and physical
activity.

FIG. 2 is atable showing Spearman correlation coefficients
between selected risk factors among non-event (control) sub-
jects, in accordance with an illustrative embodiment. Spear-
man correlation coefficients between selected risk factors
among non-event (control) subjects in the present study
(N=463). Bold entries indicate P<0.05. GGT denotes
gamma-glutamyl transpeptidase, apob apolipoprotein B,
apoal apolipoprotein A1, apoe apolipoprotein E, cc3 comple-
ment C3, hsCRP high-sensitivity C-reactive protein, neutro-
phil: lymphocyte the ratio of neutrophil count to lymphocyte
count, HDL-C high density lipoprotein cholesterol, LDL-C
low density lipoprotein cholesterol, BMI body mass index.

FIG. 3 shows receiver-operating characteristic curves for
incident MI based on models of risk that include only estab-
lished risk factors, and that include established risk factors
and 13 putative biomarkers, in accordance with an illustrative
embodiment.

FIG. 4 is a scatter plot of calculated case-control probabili-
ties of near-term MI for each subject, from a model compris-
ing solely established risk factors (left axis) and from a model
comprising established risk factors and 13 putative biomark-
ers (bottom axis), in accordance with an illustrative embodi-
ment.

FIG. 5 shows baseline frequency distribution of 13 putative
biomarker composite multimarker score, and analogous fre-
quency distribution of C-reactive protein, among MI case
subjects and control subjects, in accordance with an illustra-
tive embodiment. Baseline frequency distributions are shown
of (a) C-reactive protein; and (b) multimarker score compris-
ing 13 biomarkers.

FIG. 6 is a receiver-operating characteristic curve demon-
strating the performance of a model risk analysis for predict-
ing a future MI in 751 subjects, in accordance with an illus-
trative embodiment.

FIG. 7 is a receiver-operating characteristic curve demon-
strating the performance of a model risk analysis for predict-
ing a future MI in 751 subjects, in accordance with an illus-
trative embodiment.

FIG. 8 is a receiver-operating characteristic curve demon-
strating the performance of a model risk analysis for predict-
ing a future MI in 751 subjects, in accordance with an illus-
trative embodiment.

FIG. 9 is a curve of the relationship between a risk score
derived in accordance with the present teachings and the
relative probability of experiencing a MI within 4 years, in
accordance with an illustrative embodiment.

FIG.10A is a graph of the distribution of risk scores among
cases and controls, taken from a study of 751 individuals, 252
of whom experienced an MI within 4 years of blood testing,
in accordance with an illustrative embodiment.

FIG. 10B is a graph of the distribution of predicted relative
probability of a MI within 4 years, based on each subject’s
risk score value, for the subjects in a study of 751 individuals,
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252 of whom experienced a MI within 4 years of blood
testing, in accordance with an illustrative embodiment.

DETAILED DESCRIPTION

Sets of biomarkers have been discovered that are predictive
of the risk that an individual will suffer a future myocardial
infarction (M), or a heart attack. A “biomarker” can be any
biological feature or variable whose qualitative or quantita-
tive presence, absence, or level in a biological system of an
individual, such as a human, is an indicator of a biological
state of the system. Accordingly, biomarkers can be useful to
assess the health state or status of an individual. For example,
multiple biomarker levels can be analyzed using a weighted
analysis or algorithm to generate a risk score for an indi-
vidual. The risk score can be indicative of the likelihood that
the individual will suffer a future MI event. In some embodi-
ments, the magnitude of the risk score can be correlated to the
level of risk for that individual. For example, a higher risk
score can be indicative of a higher likelihood of a future MI
event, while a lower risk score can be indicative of a lower
likelihood of a future MI event.

As described in detail in the Examples, the present teach-
ings can be used to identify individuals who appear healthy
but may be at risk for experiencing a future MI. Armed with
this information, individuals at risk can take proactive steps
such as exercising, dieting, and/or seeking medical interven-
tion to reduce the likelihood of suffering a MI in the future.
Thus, the present teachings can be used more accurately to
predict future MI’s and possibly save lives. In addition, the
present teachings can be used to monitor disease status or
disease progression in an individual.

The sets of biomarkers described herein can be useful,
alone or in combination with other biomarkers and/or clinical
risk factors, to measure the initiation, progression, severity,
pathology, aggressiveness, grade, activity, disability, mortal-
ity, morbidity, disease sub-classification or other underlying
feature of one or more biological processes, pathogenic pro-
cesses, diseases, or responses to therapeutic intervention in
connection with MI. Virtually any biological compound that
is present in a sample and that can be isolated from, or mea-
sured in, the sample can be used as a biomarker. Non-limiting
examples of classes of biomarkers include a polypeptide, a
protein, a proteoglycan, a glycoprotein, a lipoprotein, a car-
bohydrate, a lipid, a nucleic acid, an organic on inorganic
chemical, a natural polymer, a metabolite, and a small mol-
ecule. A biomarker also can include a physical measurement
of'the human body, such as blood pressure and cell counts, as
well as the ratio or proportion of two or more biological
features or variables. In some embodiments, biomarkers from
different biological categories can be selected to generate the
risk score. Non-limiting examples of different biological cat-
egories include inflammation-sensitive plasma proteins, apo-
lipoproteins, markers of iron overload, growth factors, and
leukocyte counts.

The “level” or “amount” of a biomarker can be determined
by any method known in the art and will depend in part on the
nature of the biomarker. For example, the biomarkers levels
can be measured by one of more of an immunoassay, a colo-
rimetric assay, a turbidimetric assay, and flow cytometry. Itis
understood that the amount of the biomarker need not be
determined in absolute terms, but can be determined in rela-
tive terms. In addition, the amount of the biomarker can be
expressed by its concentration in a biological sample, by the
concentration of an antibody that binds to the biomarker, or
by the functional activity (i.e., binding or enzymatic activity)
of the biomarker.
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Asused herein, “reference” or “control” or “standard” each
can refer to an amount of a biomarker in a healthy individual
or control population or to a risk score derived from one or
more biomarkers in a healthy individual or control popula-
tion. The amount of a biomarker can be determined from a
sample of a healthy individual, or can be determined from
samples of a control population.

As used herein, “sample” refers to any biological sample
taken from an individual, including blood, blood plasma,
blood serum, cerebrospinal fluid, bile acid, saliva, synovial
fluid, pleural fluid, pericardial fluid, peritoneal fluid, sweat,
feces, nasal fluid, ocular fluid, intracellular fluid, intercellular
fluid, lymph urine, tissue, liver cells, epithelial cells, endot-
helial cells, kidney cells, prostate cells, blood cells, lung cells,
brain cells, adipose cells, tumor cells, and mammary cells.
The sources of biological sample types may be different
subjects; the same subject at different times; the same subject
in different states, e.g., prior to drug treatment and after drug
treatment; different sexes; different species, for example, a
human and a non-human mammal; and various other permu-
tations. Further, a biological sample type may be treated
differently prior to evaluation such as using different work-up
protocols.

The present teachings generally provide a method for diag-
nosing the risk of a MI, for example, the near-term risk of a
M]I, in an individual such as a human or patient. As used
herein, “near-term” means within about zero to about six
years from a baseline, where baseline is defined as the date on
which a sample from an individual is taken for analysis. For
example, near-term includes within about one week, about
one month, about two months, about three months, about six
months, about nine months, about one year, about two years,
about three years, about four years, about five years, or about
six years from a baseline. As used herein, “near-term risk”
means the risk that an individual will experience a MI event
within the near-term.

In various embodiments, the methods generally include
measuring the levels (or using the measured levels) of a
plurality of biomarkers (e.g., a set of biomarkers) in a sample
from an individual; calculating a risk score for the individual,
such as by weighting the measured levels of the measured
biomarkers; and using the risk score to identify a likelihood
that the individual will experience a myocardial infarction
(e.g., identifying, based on the risk score, a likelihood ofa M1
event in the individual). In some embodiments, the methods
include calculating a risk score, using a suitably programmed
computer, based on the measured levels of one or more biom-
arkers. In certain embodiments, the methods include trans-
mitting, displaying, storing, or printing—or outputting to a
user interface device, a computer readable storage medium, a
local computer system, or a remote computer system—infor-
mation related to the likelihood of a MI in the individual.

In various embodiments, the methods use a set of biomar-
kers, which set includes, but is not limited to: carcinoembry-
onic antigen, beta-2 microglobulin, and alpha-1 antitrypsin;
carcinoembryonic antigen, beta-2 microglobulin, and C-re-
active protein; and carcinoembryonic antigen, beta-2 micro-
globulin, and N-terminal pro B-type natriuretic peptide; car-
cinoembryonic antigen, beta-2 microglobulin and alpha-1
antitrypsin, and N-terminal pro B-type natriuretic peptide;
carcinoembryonic antigen, beta-2 microglobulin and alpha-1
antitrypsin, apolipoprotein A1, and apolipoprotein B; carci-
noembryonic antigen, beta-2 microglobulin, alpha-1 antit-
rypsin, apolipoprotein Al, apolipoprotein B, alpha-fetopro-
tein, and transferrin; carcinoembryonic antigen, beta-2
microglobulin, alpha-1 antitrypsin, apolipoprotein A1, apoli-
poprotein B, alpha-fetoprotein, transferrin, and vascular
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endothelial growth factor A; carcinoembryonic antigen,
beta-2 microglobulin, C-reactive protein, apolipoprotein Al,
apolipoprotein B, and N-terminal pro B-type natriuretic pep-
tide; alpha-1 antitrypsin, C-reactive protein, apolipoprotein
Al, apolipoprotein B, creatinine, alkaline phosphatase, and
transferrin saturation; and alpha-1 antitrypsin, C-reactive
protein, apolipoprotein Al, apolipoprotein B, creatinine,
alkaline phosphatase, transferrin saturation, apolipoprotein
E, fibrinogen, gamma glutamyl transpeptidase, complement
C3, neutrophil count, and lymphocyte count. In certain
embodiments, the set of biomarkers comprises two or more
biomarkers selected from alpha-1 antitrypsin, iron, C-reac-
tive protein, creatinine, and fibrinogen. In particular embodi-
ments, the set of biomarkers comprises three or more, four or
more, or five of the biomarkers selected from alpha-1 antit-
rypsin, iron, C-reactive protein, creatinine, and fibrinogen.

The levels of biomarkers can be determined by a variety of
techniques known in the art, dependent, in part, on the nature
of'the biomarker. For example, the level of a biomarker can be
determined by at least one of an immunoassay, spectropho-
tometry, an enzymatic assay, an ultraviolet assay, a kinetic
assay, an electrochemical assay, a colorimetric assay, a turbi-
dimetric assay, an atomic absorption assay, and flow cytom-
etry. Other analytical techniques such as mass spectrometry,
liquid chromatography such as high performance/pressure
liquid chromatography (HPLC), gas chromatography,
nuclear magnetic resonance spectrometry, related techniques
and combinations and hybrids thereof, for example, a tandem
liquid chromatography-mass spectrometry (LC-MS) instru-
ment can be used as appropriate.

In some embodiments, calculating a risk score includes
transforming logarithmically the measured levels of the
biomarkers to generate a transformed value for each mea-
sured biomarker; multiplying the transformed value of each
biomarker by a biomarker constant to generate a multiplied
value for each biomarker; and summing the multiplied value
of each biomarker to generate the risk score. Of course other
means known to those skilled in the art can be used to calcu-
late a risk or similar score based on the measured levels of the
set of biomarkers, which score can be predictive of a likeli-
hood of an individual experiencing a MI event.

Arisk score canbe compared to a standard or reference risk
score. A reference risk score can be a standard (e.g., a num-
ber) or a threshold (e.g., a line on a graph). In certain embodi-
ments, if a risk score is greater than a reference risk score, the
individual can have an increased likelihood of experiencing a
MI, for example, a future M1 event. In some embodiments, if
a risk score is less than a reference risk score, the individual
can have a decreased likelihood of experiencing a MI, for
example, a future M1 event. In some embodiments, the mag-
nitude of individual’s risk score, or the amount by which it
exceeds a reference risk score, can be indicative of or corre-
lated to that individual’s level of risk. For example, a higher
risk score can be indicative of a higher likelihood of a future
MI event, while a lower risk score can be indicative of a lower
likelihood of a future M1 event. Conversely, if the individual’s
risk score is below a reference risk score, the individual may
not be at significant risk for experiencing a future MI event.

Establishing a reference risk score, standard, threshold,
decision boundary, or a “cutoff” score (collectively, a “refer-
ence risk score”) for a particular set of biomarkers is known in
the art. (Szklo, Moyses and Nieto, F. Javier. Epidemiology:
beyond the basics. Second Edition. Sudbury, M A: Jones and
Bartlett Publishers (2007); Schlesselman, James J. Case-
Control Studies. New York: Oxford University Press (1982);
Anderson K M, Odell P M, Wilson P W, Kannel W B. Car-
diovascular disease risk profiles. Am Heart J. 121:293-8
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(1991); Eichler K, Puhan M A, Steurer J, Bachmann [. M.
Prediction of first coronary events with the Framingham
score: a systematic review. Am Heart J. 153(5):722-31,
731.e1-8 (2007); Hoffmann U, Massaro ] M, Fox C S,
Manders E, O’Donnell C J. Defining normal distributions of
coronary artery calcium in women and men from the
Framingham Heart Study. Am J. Cardiol. 102(9):1136-41,
1141.el. (2008)).

The methods of the present teachings permit not only the
diagnosis of a likelihood or a risk of a future MI event, for
example, a near-term MI event, but also can include recom-
mending, authorizing, or administering treatment if the indi-
vidual is identified as having an increased likelihood of a
myocardial infarction. In some embodiments of the methods,
information related to the likelihood of a MI event of an
individual can be transmitted to a person in a medical indus-
try, a medical insurance provider, a health care provider, or to
a physician.

Moreover, the same methodology used to identify an indi-
vidual as being at an increased likelihood of experiencing an
MI can be adapted to other uses. For example, a risk score can
be used to screen candidate drugs that mitigate the causative
factors which lead to MI. In this instance, treatment with
candidate drugs can be monitored by monitoring biomarker
levels and/or the risk score. Moreover, with any drug that has
already been found effective to reduce the likelihood of a
future M1, it can be that certain individuals may be responders
and some may be non-responders. Accordingly, an individu-
al’s risk score could be monitored during treatment to deter-
mine if the drug is effective. For example, if the individual’s
risk score decreases in response to treatment, the individual
may be responding to the treatment and th